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The relative width of the spectral limes of oscillator fluctuations is
about 10-10 to 10715, Obviously, a study of oscillator fluctuations by re-
cording epectrograms is impossible in practice because of the 1imited resolving
power of present-day squipment and becauss of wnavoidable frequency drifts due
to dynamic instability, However, there is a more subtle experimental approach
to the problem which mekes posaible the measurament of both amplitude and yphase
fluctnations of a wacum-tube oscillator.

In arder to measure amplitude fluctuations, ome must first introduce the
concept of the mesan sguare of the amplitvde modulation factor due to chaotic
fluctuations and its spectral domsity. Part of the voltage from the oscillator,
baving an average amplitude of (\/ 2:Bp), is applied to the input of a detsctor.
The output current vill also fluoctuate and the mean osguare of the curremt fluctu-
ation vill be a certain function of %he mean square of the amplituds moduletion
factor. The detector current le passed through ¢ cortain inpedance, gemerating
a voltage drop acrose it, This voltsge is then anplified in the frequency hamd
differentinl and measured by a squaring instrument,a thermocouple, for example. .
If the ampliYier parameters are kmown, the mean square of the amplitude modula- =
ticm factor can be determined, The naturel fluctuetions of the detector tube
oan be measured separately and discounted in the calculations, In these experi-
monts (vith a 6ACT dotsctor), howevwer, detector noise is negligible.

The problem of msasuring phase fluctustions 1is considerably more complex,
but it was also solved through the use of a wnigue interference method. The
differsnce of two voltages 18 applied to the imput of the dstestor. The first
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1a texen directly from the oscillator; the secomd is also teken frem the sscillator,
but through e nondistorting time-delsy circuit, e coaxial cable, for example,

An expression for tus meam square of the fluctuations of ths voltage at the
detsotor ipput .these fiuctuations being & functiom of both phase and amplitude
fluctuations) is dacived. Using this expression, the spsctral denasity of the

mean equars of the medulation factor cen be found, Since this quantity is com-
posed of the spectral denaitles of the mean squares of (1) the amplitude modu-
laticn factor 4nd {2} the phese modulstion factor and simce {1} can be measursd

by %he methed Indficated sbove, (2) can be found by subtracting (1) from the
spectral demsity of the mean square of the modulation factor in toto.

To check these theoretical calculatlops, the fluctuatiops of an ordinary - . 0. SN
vacum-tube cscillator uaing €K7 emd 6J7 tubesm were measured, A fregquemcy of. . i vl
epproximately 15 megacycles was used; the circuit capacitamce approximated 30

pleromicrofarads; the power was less than a watt, The amplifier after the de- .

tector was of the superheterodyne typs, which permittsed meesurements in the wide

bend from 0.5 to 90 Xilocycles.

In measuring amplitvde fluctuations, it was discovered that 1f & diode Cone "
with the usual lead circuit 18 connected (through & condenser] in parallel ' e
with the escillator circult, amplitude fluctuatiome are almost campletely elim-

inated through the indicated band, This phenomonom is of practical inmtereet..

It finde 1%8 explawation in the theory of diode detection.

An ordimary coaxial ceble about 50C meters long wes used to measurs phase
fluctuatione; this gave a time delay of apiroximately 3 microseconds. Accord-
ing to theory, the effective phase fluctuation for 3 microseconds must have been
of ths crder of cne anguiar second when the ratio of the epectral demsity of
the mean squars of the phase fluctuation to the spectral density of the mean
square of the amplitude fluctuation ves appraximately 20, In other words, a
doviation of the voliages applied to the detector input wae easily observed
even far a timo differential of omly approximately 10-6 of the wave train length,

The results of the experiment wers compared with the theory previously
developed by the author for the case of the so-called "isotropic fluctuations"”
and for the custamary idealizatioms (no grid current or plate reaction). How-
ever, since the fluctuationa in any real oscillator are "non-isotropic,” the
theoretical formulas had to be changed slightly; the intensity of chance surges
vore averaged for the period of oscillation., The accuracy of the experiments
vas approximately 50 percent.

Camparison of the experiment with theory showed the following:

a, For everage oscillation amplitudes {approximately 75 volts), the
exporimont showed a spectral density of fluctuations 1.2 to 2 times greater
than the theoretical at frequencies of from 50 to 90 kilocycles. More particu-
larly, t_l_:gee experiments suowed that the spectral density is approrimately equal
%0 15.107 ingtead of 8,10-6 according to theory, However, the epectral density
of fluctuations exceeds the theoretical more amd more as the frequency is de-
croaged; it is 2-3 times greater than the thecretical for the lowest frequenciee.

A study of the results for amplitude fluctuations showed this e
mainly due to the flicker effect and that for phase fluctuations it 1s due to
microphonic effact.

b. For large oscillation amplitudes (approximately 150 volts), the
exporimental value for the spectral density of fluctmations wvas 3 to 10 timse
the theoretical value even at frequs-ucies from go to 90 k':l.locycleaé The ae
measurements shoved that the density was 12:1070, instead of 3.10°° according
to theory., This incrsese 1s apparently due to a marked incresse of grid current
in the oscillator (probably related to increased fluctuaticne of this current),
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c. A apscial amplifier wae used Lo measure ths total fluotwmailom at
low frequencies, &t which secondary factars, flicker, microphonic effect, ste.,
bocome important., The amplifier amplified frsquencies from 5 to 10 ¥llogcyclea.
This messurement showed that sscomdary factors magnify the over-all amplitude
fluctuations 10-30 times the thecretical valus, The over-all levsl of phase
fiuctuations was 5-20 times ths theorstical walue, In comducting this experi-
went, 1t was noted that even normel oconversation at a distance of 5 meters from
the equipment, while csusing megligible microphonic noise, still produced a very
subsiential increase in the phase fluctuation level.

The method developed may prove usaful in mseswring very mu phase
fluctuations, for exmmple, thowse appsaring in wave propagaticm.
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